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(54) Full color organic EL display panel, manufacturing method thereof and driving circuit thereof 



(57) Disclosed is a full color flat display panel by us- 
ing an organic electro-luminescent(EL) device, a man- 
ufacturing method thereof and a driving circuit of the or- 
ganic EL device, in particular, which includes first, sec- 
ond and third pixels, a plurality of first electrodes, and a 
plurality of second electrodes perpendicularly intersect- 
ing the first electrodes, in which each of the first, second 
and third light emitting pixels is arranged in each of in- 
tersecting positions of the first and second electrodes. 
Light emitting pixels are arranged to have different areas 
according to luminous efficiency so that a red light emit- 



ting area with relatively poorer efficiency is sized larger 
than a blue or green light emitting area thereby manu- 
facturing an efficient full color organic EL display panel. 
Also, the influence from the line resistance in the anode 
lines and the cathode lines is reduced when a constant 
current is introduced into the device structured of the 
RGB array in order to realize the white light as full color. 
Thus, the voltage loss on the line resistance is prevent- 
ed and the area ratio of the device is adjusted to make 
each of the RGB pixels for generating the white light 
have the similar value of drive voltage thereby minimiz- 
ing power loss. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a full color flat 
display panel by using an organic electro-luminescent 
(EL) device, a manufacturing method thereof and a driv- 
ing circuit of the organic EL device. 

2. Description of the Related Art 

[0002] Lately, the flat display industry has been re- 
markably developed. In particular, an organic EL array 
is gradually gaining interest as an image source in a di- 
rect display or a virtual display since the organic EL ar- 
ray can generate a relatively large amount of light and 
a display adopting the organic EL array can be used un- 
der various surrounding conditions. 
[0003] In other words, the organic EL array can emit 
light in a sufficient amount so as to be used as the dis- 
play under the various surrounding conditions ranging 
from those with no or little amount of light to those with 
sufficient amount of light. 

[0004] Also, the organic EL array can be manufac- 
tured in a low price, and variously applied from a very 
small size of under 1 inch up to a considerably large size 
of tens of inches. 

[0005] Further, the organic EL array provides a very 
wide range of view angle. 

[0006] An example of the organic EL array as a small 
sized article is applied to portable electronic articles 
such as a pager, a cellular phone and a portable phone. 
[0007] Such an organic EL device is comprised of a 
first electrode layer, an electron transporting layer, a 
light emitting layer, a hole transporting layer and a sec- 
ond electrode layer. 

[0008] Here, light can be emitted in one or both direc- 
tions of an electrode, and the most efficient EL device 
has one transparent electrode layer in a light emitting 
side. 

[0009] Also, one the most widely used transparent 
electrodes is made of an indium-tin oxide(ITO), which is 
deposited on a transparent substrate such as a glass 
panel. 

[001 0] However, the major problem of the organic EL 
device is the connection capacitance, which includes 
the capacitance within the device composed of the ma- 
terial and the electrode and the capacitance from col- 
umn and line electrodes in an array structure. 
[0011] In other words, since the EL device is driven 
by a current unlike a liquid crystal display(LCD) which 
is driven by a voltage, an initially supplied current is used 
for charging the connection capacitance when the or- 
ganic EL device is driven in the array structure. 
[0012] Therefore, if the connection capacitance in- 
creases as the array increases orthe device is enlarged, 



a larger amount of current should be supplied for the 
initial charge. 

[0013] Also, the resistance of an anode line and a 
cathode line in the array structure gives a very important 
5 influence not only to response features of the device but 
also to the whole power. 

[0014] In other words, a time for charging the capac- 
itance or an RC time is influenced not only from the size 
of the capacitance but also to the resistance connected 

10 to the capacitance so that the response speed of the 
device is considerably influenced also as the resistance 
size of anode and cathode lines increases. 
[0015] Further the transparent electrode layer is 
made of a high resistive material thereby increasing 

*5 such a problem. 

[0016] Therefore, the connection capacitance and the 
electrode layer having high resistance of the organic EL 
device hinder producing the EL device in a large array 
structure. 

20 [0017] In orderto reduce such an influence, the anode 
and cathode lines can be made of a metal excellent in 
conductivity and low in resistance to reduce the line re- 
sistance in the anode and cathode lines thereby improv- 
ing the response features of the device and simultane- 

25 ously to reduce the voltage loss in the line resistance 
thereby lowering a drive voltage and reducing power 
consumption. 

[0018] However, in a delta shaped array structure, 
such line resistance can be a more serious obstacle due 

30 to the fine cathode line. In other words, in a full color 
device structure, the voltage and current ratio among R, 
G and B pixels is 3:6:1 for expressing a white light. 
Therefore, the G(Green) pixel requires a smaller 
amount of voltage and current than the B(Blue) pixel in 

35 expressing the same value of luminance. 

[0019] FIG. 1 shows a structure of RGB stripe-type 
pixels, and the current and voltage features in a, a' and 
a" positions of an A material which composes one of the 
RGB pixels and b, b' and b" positions of another B ma- 

40 terial which composes another one of the RGB pixels. 
[0020] As can be seen in FIG. 1 , the RGB pixels have 
their own physical properties different from one another 
so that the current-voltage features may be different in 
this case. 

^5 [0021] Referring to FIG. 1, the current- voltage fea- 
tures of the B material is better than those of the A ma- 
terial. 

[0022] As an example, the A material can be regarded 
as the R(Red) pixel, and the B material can be regarded 
50 as the G or B pixel. 

[0023] This can be varied according to the properties 
of materials, in which the A material can be regarded as 
having the poorest properties. 

[0024] Also, referring the current-voltage features of 
55 each material, if the device has an array structure, there 
is a difference in the voltage-current features as in a, a' 
and a' and a" even in the same material due to the effect 
of line resistance observed along the anode line and 
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along the cathode line. 
[0025] The properties of the material like this increase 
the voltage applied to the line resistance of the anode 
and the cathode such as b, b' and b" and a, a' and a" to 
cause the increase of the drive voltage. 
[0026] In particular, in the case of the A material (for 
the R pixels for example) which is poor in the current- 
voltage features, a higher current is required to obtain 
the white light thereby causing a voltage drop due to line 
resistance to be more serious. 

[0027] Here, if the RGB pixels do not have their own 
power, the driver power should be determined according 
to a material having the poorest current-voltage features 
so that the drive voltage in another material having bet- 
ter current-voltage features is elevated thereby incurring 
overall power loss. 

[0028] In driving the circuit In practice, the drive volt- 
age is determined according to the pixel having the high- 
est voltage. If the G light emitting pixels are assumed to 
have the luminance v. current features at least two times 
better than the R pixels, the drive voltage should be de- 
termined by the R pixel so that the drive voltage of the 
R pixels increases in respect to the G pixels thereby in- 
curring power loss. 

[0029] As a method of solving this case, the drive volt- 
age is determined different for each of the RGB pixels 
to reduce power consumption. 

[0030] However, when each of the RGB pixels is ap- 
plied with a different voltage from one another, a reverse 
voltage should be applied to prevent crosstalk according 
to the features of the organic EL device. Here, the re- 
verse voltage should be applied so that a positive volt- 
age applied to the device does not exceed the threshold 
voltage. 

[0031] Therefore, since the reverse voltage is applied 
according to the drive voltage of the R light emitting pix- 
els if the R light emitting pixels have the highest drive 
voltage, the higher reverse voltage should be applied as 
the drive voltage of the R light emitting pixels is stepped 
up. So, many problems are caused in using the reverse 
voltage. 

[0032] Meanwhile, FIG. 2A is a sectional view of the 
full color organic EL display device driven by the driving 
circuit of FIG. 1. 

[0033] In manufacturing the organic EL display de- 
vice, a shadow mask is used to form the RGB light emit- 
ting pixels having the optimal luminous efficiency as 
shown in FIG. 2A. 

[0034] Also, the shadow mask as above is also used 
in a line method as shown in FIG. 2B, and in a method 
of arranging the pixels into a delta shape as shown in 
FIG. 2C. 

[0035] In other words, as shown in FIG. 2A, anode 
lines 2-2 (only one is shown) are formed on a glass 1 , 
and partitions 7 are formed before forming cathode lines 
in the organic EL display device. Then, red, green and 
blue emitting material layers 8-1 , 8-2 and 8-3 are formed 
by using a shadow mask 9 followed by forming cathodes 



10 for forming cathode lines in the front surface. 
[0036] However, a cell array structure of the full color 
organic EL device of the related art described hereinbe- 
fore has the following problems: 

5 [0037] In arranging the pixels according to the line 
method or the delta shape, the RGB light emitting pixels 
are sized almost the same so that the R pixel relatively 
poor in luminance and luminous efficiency is not prop- 
erly expressed thereby degrading the texture. 

10 [0038] Also, the opening ratio is lowered and ITO lines 
for connecting the light emitting pixels are thinned and 
elongated to increase resistance so that the uniformity 
across the screen is degraded and the drive voltage is 
elevated. 

15 

SUMMARY OF THE INVENTION 

[0039] Embodiments of the present invention seek to 
address the foregoing problems of the related art. It 
would be desirable to provide a full color organic EL dis- 
play panel and a manufacturing method thereof, in 
which, for the compensation of the low luminance of red, 
a red light emitting area is enlarged to upgrade the tex- 
ture and elevate the opening ratio for increasing the ef- 
ficiency of the device. 

[0040] It would also be desirable to provide a full color 
EL display panel and a manufacturing method in which 
a shadow mask used for depositing red, green and blue 
organic EL layers can be used in common. 
[0041 ] It would also be desirable to provide a full color 
EL display panel and a manufacturing method in which 
auxiliary electrodes are provided in a certain area of an- 
ode lines to reduce resistance thereby increasing the 
uniformity across a screen and lowering the drive volt- 
age of the device. 

[0042] It would also be desirable to provide a driving 
circuit of an organic EL device which can minimize the 
driving power of the organic EL device while improving 
response features of the organic EL device driven by 
using a current source. 

[0043] It would also be desirable to provide a driving 
circuit of an organic EL device having an RGB array 
structure which rapidly controls the response features 
of the organic EL device by reducing effects of the line 
resistance in anode lines and cathode lines, adjusts the 
area ratio of the organic EL device to make the drive 
voltage of each of the RGB pixels similar to one another, 
and reduces the drive voltage to minimize power loss 
when constant current is applied to the organic EL de- 
vice for realizing a white light. 

[0044] According to an embodiment of the invention 
there is provided a full color organic EL display panel 
comprising: first, second and third pixels; a plurality of 
first electrodes; and a plurality of second electrodes per- 
pendicularly intersecting the first electrodes; wherein 
each of the first, second and third light emitting pixels is 
arranged in each of intersecting positions of the first and 
second electrodes; wherein each of thefirst, second and 
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third light emitting pixels has the area different from one 
another according to luminous efficiency. 
[0045] It is preferred that each of the first light emitting 
pixels is arranged col'ineariy with each of the second 
light emitting pixels; wherein each of the third light emit- 
ting pixels is arranged between each of the first and sec- 
ond light emitting pixels to alternate with each of the first 
and second light emitting pixels. 
[0046] The full color organic EL display panel further 
comprises auxiliary electrodes arranged at least around 
the first, second and third light emitting pixels and in por- 
tions of the first electrodes. 

[0047] The full color organic EL display panel further 
comprises insulating layers, wherein each of the auxil- 
iary electrodes is arranged at least one of around each 
of the first, second and third light emitting pixels and a 
central portion of each of the third light emitting pixel. 
[0048] The full color organic EL display panel further 
comprises partitions arranged among the second elec- 
trodes for electrically insulating the second electrodes. 
[0049] The full color organic EL display panel further 
comprises encapsulating plates for encapsulating or- 
ganic EL layers arranged on the first, second and third 
light emitting pixels; and an encapsulating material for 
bonding the encapsulating plates to a substrate in non- 
light emitting areas. 

[0050] It is preferred that the first electrodes have zig- 
zag-shaped electrodes having partitions inclined at a 
certain angle for connecting between each of the first 
light emitting pixels and each of the second light emitting 
pixels, and stripe shaped electrodes for connecting be- 
tween each of the third light emitting pixel. 
[0051] It is also preferred that the partitions are ar- 
ranged so as not to overlap with comer portions of the 
third light emitting pixels. 

[0052] Also, it is preferred that the third light emitting 
pixels have the area larger than that of the first or second 
light emitting pixels. 

[0053] Preferably, thef irst, second arid third light emit- 
ting pixels have quadrangular structures which are the 
same or different from one another. 
[0054] Preferably also, the first, second and third light 
emitting pixels are arranged into a delta structure. 
[0055] Also preferably, the first electrodes are trans- 
parent; and wherein the second electrodes are made of 
metal. 

[0056] According to another embodiment of the inven- 
tion there is provided a method of manufacturing a full 
color organic El display panel which includes first, sec- 
ond and third pixels, a plurality of first electrodes, and a 
plurality of second electrodes perpendicularly intersect- 
ing the first electrodes, in which each of the first, second 
and third light emitting pixels is arranged in each of in- 
tersecting positions of the first and second electrodes, 
the method comprising the following steps of: (a) form- 
ing the first electrodes on a substrate, wherein the first 
electrodes include stripe-shaped electrodes for con- 
necting between each of the third light emitting pixels, 



and zigzag-shaped electrodes having partitions inclined 
at a certain angle for connecting between each of the 
first light emitting pixels and each of the second light 
emitting pixels; (b) forming insulation partitions in areas 

5 excepting the light emitting pixels perpendicular to the 
first electrodes to insulate the first, second and third light 
emitting pixels; (c) forming organic EL layers on thefirst, 
second and third light emitting pixels for emitting lights 
corresponding to the light emitting pixels respectively; 

to and (d) depositing an electrode material on the whole 
surface including the organic EL layers to form a plurality 
of second electrodes. 

[0057] According to another embodiment of the inven- 
tion there is provided a full color organic EL display pan- 
's el comprising: a unit light emitting pixel having first, sec- 
ond and third pixels; a plurality of first electrodes; and a 
plurality of second electrodes perpendicularly intersect- 
ing the first electrodes; wherein each of the first, second 
and third light emitting pixels is arranged in each of in- 

20 tersecting positions of the first and second electrodes; 
wherein the unit light emitting pixel has sub-pixels divid- 
ed along diagonal directions; and wherein each of the 
first, second and third light emitting pixels is arranged in 
each of the sub-pixels with an area different from one 

25 another according to the luminous efficiency of each of 
the first, second and third light emitting pixels. 
[0058] It is preferred that the first light emitting pixel 
is positioned in a pair of the sub-pixels opposed along 
one diagonal direction; and wherein each of the second 

30 and third light emitting pixels is positioned in another pair 
of the sub-pixels opposed along another diagonal direc- 
tion. 

[0059] It is also preferred that the first light emitting 
pixel has the luminous efficiency lower than that of the 

35 second and third light emitting pixels. 

[0060] Preferably, each of the first electrodes is 
formed under each of the first, second and third light 
emitting pixels and each of connected portions of the 
first, second and third light emitting pixels. 

40 [0061] The full color organic EL display panel further 
comprises auxiliary electrodes formed on the first elec- 
trodes at the connected portions. 
[0062] The full color organic EL display panel further 
comprises auxiliary electrodes formed in edge portions 

45 of the first, second and third light emitting pixels. 

[0063] The full color organic EL display panel further 
comprises insulation layers formed in non -light emitting 
areas around the first, second and third light emitting 
pixels. 

so [0064] Also, the full color organic EL display panel fur- 
ther comprises insulation partitions formed among the 
second electrodes for electrically insulating the second 
electrodes. 

[0065] It is preferred that the first electrodes are trans- 
55 parent lower electrodes; and wherein the second elec- 
trodes are upper electrodes made of metal. 
[0066] According to still another embodiment of the 
invention there is provided a method of manufacturing 



DOCID: <EP 1 168448A2J_> 



5 



7 



EP 1 168 448 A2 



8 



a full color organic EL display panel which includes unit 
light emitting pixels having first, second and third pixels, 
a plurality of first electrodes, and a plurality of second 
electrodes perpendicularly intersecting the first elec- 
trodes, in which each of the first, second and third light 
emitting pixels is arranged in each of intersecting posi- 
tions of the first and second electrodes, the method 
comprising the following steps of: (a) forming first elec- 
trodes on a substrate in a repeated pattern having a cer- 
tain polygonal shape connected to stripe shape; (b) 
forming insulation partitions among the unit light emit- 
ting pixels adjacent to the first electrodes in the perpen- 
dicular direction; (c) forming organic EL layers on the 
first, second and third light emitting pixels for emitting 
lights corresponding to the first, second and third light 
emitting pixels respectively; and (d) depositing an elec- 
trode material on the whole surface including the organ- 
ic EL layers to form a plurality of second electrodes. 
[0067] According to other embodiment of the inven- 
tion there is provided a driving circuit of a display device 
having anode and cathode lines, comprising: an anode 
circuit for outputting a different drive voltage for each of 
RGB light emitting pixels so as to correspond to the drive 
voltage varying according to the line resistance and the 
material features of the anode lines and the cathode 
lines; a cathode circuit connected to both ends of the 
cathode lines for outputting the same signals; and a dis- 
play unit where the area ratio of each of the RGB light 
emitting pixels and the width of the anode lines are ad- 
justed according to the features of the applied drive volt- 
age. 

[0068] it is preferred that the cathode circuit is ar- 
ranged at the both sides of the cathode lines for applying 
the same signals to the display unit. 
[0069] The light emitting pixels are composed into an 
array structure in which red, green and blue pixels have 
different areas according to luminous efficiency so that 
the luminous efficiency of the red pixel relatively poor in 
luminance and luminance efficiency can be enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0070] The above and other objects, features and oth- 
er advantages of the present invention will be more 
clearly understood from the following detailed descrip- 
tion taken in conjunction with the accompanying draw- 
ings, in which 

FIG. 1 shows a driving circuit of a device having a 
stripe-type array structure of the related art and the 
current v. voltage features of the circuit according 
to light emitting position. 

FIG. 2A is a sectional view of a full color organic EL 
display device; 

FIG. 2B is a plan view for showing a structure of an 
organic display device by using a line method of the 
related art; 

FIG. 20 is a plan view for showing a structure of an 



organic display device by using a method of arrang- 
ing pixels into a delta shape of the related art; 
FIG. 3A to FIG. 3K are plan views for showing a 
process of manufacturing a full color EL display de- 
vice according to a first embodiment of the inven- 
tion; 

FIG. 4 is a magnification of FIG. 3B; 
FIG. 5 is a plan view for showing a shadow mask 
according to the first embodiment of the invention; 
FIG. 6A and FIG. 6B are plan views for showing a 
completed full color organic EL display device ac- 
cording to the first embodiment of the invention; 
FIG. 7 is a plan viewfor showing a connection struc- 
ture of anode lines for connecting between light 
emitting pixels; 

FIG. 8A to FIG. 8L are a plan view for showing a 
process for manufacturing a full color organic EL 
display device according to a second embodiment 
of the invention; 

FIG. 9 shows a shadow mask according to the sec- 
ond embodiment of the invention; 
FIG. 10 shows a driving circuit of an RGB device 
having an array structure according to a third em- 
bodiment of the invention; 

FIG. 11 shows a driving circuit for reducing a voltage 
applied to the line resistance of cathodes in the 
structure of FIG. 10; 

FIG. 12 shows a driving circuit for reducing power 
consumption by reducing a voltage applied to the 
line resistance of cathodes in the structure of FIG. 
10; and 

FIG. 13 shows alternative embodiment of the driv- 
ing circuit shown in FIG. 12. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0071] Preferred embodiments of a full color organic 
EL display panel will be described in reference to the 
appended drawings as follows: 

[0072] The full color organic EL display panel and a 
manufacturing method" thereof will be described as di- 
vided in the first, the second and the third embodiments, 
and a driving circuit for the organic EL display device 
will be described in the third embodiment. 

First Embodiment 

[0073] FIG. 3A to FIG. 3K are plan views for showing 
a process of manufacturing a full color EL display device 
according to a first embodiment of the invention. 
[0074] As shown in FIG. 3A, a pattern of anode lines 
102-2 is formed on a glass 101 by using ITO or other 
transparent electrodes. Here, light emitting pixels 102-1 
are formed into the shape of a polygon with at least three 
angles, and have the area for emitting a red light larger 
than that for emitting blue and green lights. Half of the 
area of the light emitting pixels 1 02-1 is arranged for red, 
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and the other area is arranged for blue and green. An- 
other pattern of anode lines is also formed under light 
emitting pixels 102-1. 

[0075] Then, as shown in FIG. 3B, auxiliary elec- 
trodes 105 are formed in anode lines 102-2 which con- 
nect the light emitting pixels 102-1, in order to reduce 
the resistance of the anode lines 102-2. When the aux- 
iliary electrodes 104 are provided around the light emit- 
ting pixels 102-1 also, the resistance can be further re- 
duced than provided only in the anode lines 102-2. 
[0076] FIG. 4 is a partial magnification of FIG. 3B, in 
which it can be seen that the auxiliary electrodes 104 
and 1 05 are formed both around the light emitting pixels 
1 02-1 and in the anode lines 102-2 for connecting the 
light emitting pixels 102-1 . Here, a material used for the 
auxiliary electrodes 1 04 and 1 05 includes a metal such 
as Cr, Al, Cu, W, Au, Ni, Ag and the like which has rel- 
atively smaller resistance than ITO. 
[0077] Then, an insulating layer 106 is formed as 
shown in FIG. 3C. Here, the insulating layer 1 06 is made 
of an organic or inorganic insulator. The inorganic insu- 
lator includes oxide, nitride. Also, those spinably molten 
to solvents are available also. Polymers are preferred 
for the organic substance, and photo-resist, polyimide 
and polyolenfin are more preferred. 
[0078] Then, as shown in FIG. 3D, partitions 107 are 
formed for the insulation among cathodes which will be 
formed later. 

[0079] In sequence, as shown in FIG. 3E, red, green 
and blue common organic EL layers or common organic 
EL layers 108 are deposited at a single time by using a 
blank mask capable of performing deposition on the 
whole light emitting area. 

[0080] Then, a shadow mask 109 shown in FIG. 5 is 
used to deposit red light emitting material layers 108-1 
which are organic EL layers for emitting the red lights 
as shown in FIG. 3F and FIG. 3G. Also, in the same 
manner as in the red light emitting material layers, the 
shadow mask 1 09 is used to deposit green and blue light 
emitting material layers 1 08-2 and 108-3 for generating 
green and blue lights shown in FIG. 3H and FIG. 31. 
[0081] Here, instead of depositing the common or- 
ganic EL layers 1 08 in the whole light emitting area, the 
common organic EL layers 108 can be formed in each 
of the RGB pixels by using the single shadow mask 1 09 
shown in FIG. 5 while moving the same. 
[0082] Then, as shown in FIG. 3J a metal layer for 
forming the cathode 110 is formed by using a Mg-Ag 
alloy, Al or other conductive materials. 
[0083] Then, as shown in FIG. 3K, a protective layer 
such as an oxygen absorbing layer, a moisture absorb- 
ing layer and a moisture proof layer is formed, and en- 
capsulation is performed by using encapsulating mate- 
rials 111 and encapsulating plates 112 to complete the 
device. 

[0084] FIG. 6A and FIG. 6B are plan views for show- 
ing the completed device. 

[0085] Positions for the deposition of red, green and 



blue can be located to have a triangular structure and a 
reverse triangular structure as shown in FIG. 6A and 
FIG. 6B. 

[0086] Here, in the formation of red, green and blue 
5 by using the single shadow mask 1 09, the red light emit- 
ting pixels 1 02-1 are halved by using the insulating layer 
106. When a red-dedicated shadow mask 109 is used, 
the light emitting pixels are formed without being halved 
as shown in FIG. 6B. 
10 [0087] FIG. 7 is a magnification of the anode lines 
102-2 for connecting between the green light emitting 
pixels 1 02-1 and the blue light emitting pixels 1 02-1 , and 
the light emitting pixels 102-1 of the anode lines 102-2 
for connecting between the red light emitting pixels 
*5 102-1 for showing the minimization of the area of the 
light emitting pixels 102-1. 

[0088] Basically, the anode lines 1 02-2 for connecting 
between each of the green light emitting pixels 102-1 
and each of the blue light emitting pixels 102-1 should 

20 be formed on a straight line A, formed as inclined as in 
B in portions where two anode lines 102-2 overlap with 
each other, and formed as inclined as in C also in cor- 
ners of the red light emitting pixels 1 02-1 formed beside 
the two anode lines 1 02-2. Thus, the size of the red light 

2s emitting pixels 1 02-1 can be maximized. 

Second Embodiment 

[0089] FIG. 8A to FIG. 8L are a plan view for showing 
30 a process for manufacturing a full color organic EL dis- 
play device according to a second embodiment of the 
invention. 

[0090] First, as shown in FIG. 8A, patterns of anode 
lines 202-1 and 202-2 are formed on a glass 201 with 

35 ITO or other transparent electrodes. The anode lines 
202-1 and 202-2 are patterned into the above shape so 
that each unit of light emitting pixels 202-3 is divided 
along diagonal directions into four sub-pixels 202-4 
shaped as a triangle with smooth corners. The unit light 

40 emitting pixel 202-3 comprised of the sub-pixels 202-4 
is provided with light emitting material layers for emitting 
red, green and blue lights. 

[0091] In the sub-pixels 202-4 structured as above, a 
pair of sub-pixels opposed in the diagonal direction ap- 
^5 plied with red light emitting material layers which will 
emit low red lights with relatively low luminous efficiency, 
and another pair of sub-pixels are applied with blue and 
green light emitting material layers to emit biue and 
green lights. 

50 [0092] Then, as shown in FIG. 8B, auxiliary elec- 
trodes 205 are formed to reduce the resistance of the 
anode lines 202-2 at portions connecting the light emit- 
ting pixel. 

[0093] In sequence, as shown in FIG. 8C, when edge 
55 portions of each of the light emitting pixels are provided 
with auxiliary electrodes 204 also, the resistance can be 
further reduced compared to when the auxiliary elec- 
trodes are provided only in the anode lines 202-2 for 
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connecting between each of the light emitting pixels. 
[0094] Materials available for the auxiliary electrodes 
204 and 205 include metals such as Cr, Al, Cu, W, Au, 
Ni, Ag and the like which have relatively small resistance 
than ITO. 

[0095] As shown in FIG. 8D, an insulating layer 206 
is formed to cover anode taps 203-1 . 
[0096] The insulating layer 206 can be halved by us- 
ing the red light emitting sub-pixels. 
[0097] The insulating layer is formed around the light 
emitting pixels including the anode taps 203-1 where 
light is not emitted. The insulating layer 206 is made of 
an organic or inorganic insulator. The inorganic insulator 
includes oxide, nitride. Also, those spinably molten to 
solvents are available also. Polymers are preferred for 
the organic substance, and photo-resist, polyimideand 
polyolenfin are more preferred. 

[0098] Then, as shown in FIG. 8E, insulating parti- 
tions 207 are formed for the insulation among cathodes 
which will be formed later. 

[0099] Next, as shown in FIG. 8F, red, green and blue 
common organic EL layers or common organic EL lay- 
ers 208 are deposited at a single time by using a blank 
mask capable of performing deposition on the whole 
light emitting area. 

[0100] Then, a shadow mask 209 shown in FIG. 9 is 
used to deposit red light emitting material layers 208-1 
which are organic EL layers for emitting the red lights 
as shown in FIG. 8G and FIG. 8H. In forming light emit- 
ting pixels arranged in the upper part as shown in FIG. 
8H, the shadow mask 209 is rotated 180°. Alternatively, 
a shadow mask having triangular holes formed in the 
upper and lower parts can be used also. 
[0101] Then, in the same manner as in the red light 
emitting material layers, the shadow mask 209 is used 
to deposit green and blue light emitting material layers 
208-2 and 208-3 for generating green and blue lights 
shown in FIG. 81 and FIG. 8J. Each of the light emitting 
material layers 208-2 and 208-3 is formed in each of the 
green and blue sub-pixels by rotating the shadow mask 
209 or using another mask. 

[0102] Here : instead of depositing the common or- 
ganic EL layers 208 in the whole light emitting area, the 
common organic EL layers 208 can be formed in each 
of the RGB sub-pixels by using the single shadow mask 
109 shown in FIG. 9. 

[0103] Then, as shown in FIG. 8K, a metal layer for 
forming the cathode lines 21 0 is formed by using a Mg- 
Ag alloy Al or other conductive materials. 
[0104] Then, as shown in FIG. 8L, a protective layer 
such as an oxygen absorbing layer, a moisture absorb- 
ing layer and a moisture proof cover is formed, and en- 
capsulation is performed by using encapsulating mate- 
rials 211 and encapsulating plates 212 to complete the 
device. 



Third Embodiment 

[0105] FIG. 10 shows a driving circuit for an organic 
EL device having an array structure according to a third 
5 embodiment of the invention. 

[0106] Referring to FIG. 1 0, the driving circuit is com- 
prised of an anode circuit 301 for applying a certain drive 
voltage to each of light emitting RGB pixels, a cathode 
circuit 302 for outputting scan signals to the cathode 
10 lines with both ends of cathode lines being connected 
in a circuit, and a display unit 303 for being displayed 
by data signals and the scan signals through the adjust- 
ment of the area ratio of each of the RGB light emitting 
pixels and the width of the anode lines according to the 
15 features of a drive voltage applied to each of the light 
emitting RGB pixels. 

[0107] Hereinafter, the current driven organic EL de- 
vice of the invention as shown in FIG. 10 will be com- 
pared with the EL device of the related art as shown in 
FIG, 1 . 

[0108] If the different value of drive voltage is output- 
ted from the anode circuit 1 0 for each of the RGB pixels 
as in the circuit of the related art in FIG. 1 , power con- 
sumption can be reduced a little since it should be con- 
sidered only about power consumption according to the 
supply voltage of each of the RGB pixels. 
[0109] In this case, however, when the reverse volt- 
age is applied for preventing crosstalk which can occur 
due to the properties of the organic EL device, the re- 
verse voltage should be based upon the A material with 
the highest drive voltage so that the voltage applied to 
the A material in the array structure may not exceed 
threshold voltage. Thus, as a problem, the higher the 
drive voltage of the A material, the higher reverse volt- 
age is required. 

[0110] Therefore, the circuit of the invention, as 
shown in FIG. 10, can adjust the area ratio of each of 
the RGB light emitting pixels and the width of the anode 
lines for emitting a white light under each of the drive 
voltages which are as similar as possible so that the 
overall maximum drive voltage can be lowered to reduce 
power consumption and the reverse voltage for prevent- 
ing crosstalk can be lowered also. 
[0111] To be more specific, if the A material requires 
the highest voltage for emitting the white light, the area 
of the A light emitting pixels is enlarged to lower the drive 
voltage of the A material thereby reducing the overall 
drive voltage. 

[01 12] Also, as the area is increased and thus the line 
width of the A material is increased at the cathode side, 
the line resistance is reduced and thus the voltage ap- 
plied to the anode line resistance is reduced also. 
[0113] Meanwhile, other materials have bettercurrent 
v. voltage features than the A material and thus require 
less amount of current for emitting the white light, so, 
the area can be reduced and the voltage loss in line re- 
sistance can be reduced. 

[0114] The area ratio of each of the RGB light emitting 
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pixels and the width of the anode lines are adjusted like 
this, the line resistance and the drive voltage may be 
reduced. 

[01 1 5] FIG. 1 1 shows a driving circuit for reducing the 
voltage applied to the line resistance of the cathodes in 
the structure of FIG. 10. 

[01 1 6] Referring to FIG. 1 1 , the driving circuit is com- 
prised of an anode circuit 401 for outputting a different 
drive voltage for each of the RGB pixels so as to corre- 
spond to the drive voltage varying according to the line 
resistance and the material features of the anode lines 
and the cathode lines, a cathode circuit 402 having both 
ends of the cathode lines being connected for outputting 
the same signals to the both ends, and a display unit 
403 composed of the RGB light emitting pixels with a 
certain size ratio and the anode lines and being dis- 
played by applied data and scan signals. 
[0117] Hereinafter, the current driven organic EL de- 
vice of the invention as shown in FIG. 11 will be com- 
pared with the EL device of the related art as shown in 
FIG. 1. 

[01 1 8] According to the array structure of the related 
art shown in FIG. 1 , the current of each of the RGB pix- 
els, which flows through the anodes of the light emitting 
pixels, flows through the cathodes incurring voltage 
step-up due to the line resistance of cathodes. 
[0119] When the light emitting pixels need larger 
amount of current to obtain higher luminance, the mag- 
nitude of voltage applied to the cathode line resistance 
will increase more. 

[01 20] Here, if one cathode line is connected with the 
cathode circuit 20 at only one terminal, one cathode line 
adjacently connected with the cathode circuit 20 and an- 
other cathode line remotely connected with the cathode 
circuit 20 have line resistance different from each other. 
[0121] In other words, the line resistance applied to 
portions of the RGB light emitting pixels remote from the 
cathode circuit 20 is enlarged. 

[0122] In order to solve such problems, one end of 
each of the cathode lines is bound with the other end in 
driving the circuit, the voltage applied to the cathode line 
resistance can be halved. 

[0123] In other words, the voltage is the highest in the 
center of each of the cathode lines and lowers as ap- 
proaches the both ends thereof. So, comparing with the 
circuit as shown in FIG. 1 where the current flows from 
one end of each of the cathode lines to the other end 
thereof, the voltage applied to the line resistance of the 
cathode lines shown in FIG. 11 can be halved if the same 
current flows through the cathode lines in FIG. 11 and 
those in FIG. 1. 

[0124] FIG. 12 shows a driving circuit in which both 
ends of each of cathode lines are bound as in FIG. 11 
to prevent the voltage step-up shown in the structure of 
FIG. 1 0. The circuit is comprised of an anode circuit 501 
for outputting a different drive voltage for each of the 
RGB pixels so as to correspond to the drive voltage var- 
ying according to the line resistance and the material 



features of the anode lines and the cathode lines, a cath- 
ode circuit 502 for outputti ng scan signals to the cathode 
lines with both ends connected in a circuit and a display 
unit 503 for being displayed by data signals and the scan 

s signals through the adjustment of the area ratio of each 
of the RGB light emitting pixels and the width of the an- 
ode lines according to the features of a drive voltage 
applied to each of the light emitting RGB pixels. 
[0125] FIG. 13 shows a driving circuit according to an- 

*o other embodiment of the invention. The driving circuit is 
comprised of an anode circuit 601 for outputting a dif- 
ferent drive voltage for each of the RGB pixels so as to 
correspond to the drive voltage varying according to the 
line resistance and the material features of the anode 

*5 lines and the cathode lines, cathode circuits 602 and 
602' arranged at both ends of cathode lines for output- 
ting scan signals to the both ends of the cathode lines, 
and a display unit 603 for being displayed by data sig- 
nals and the scan signals through the adjustment of the 

20 area ratio of each of the RGB light emitting pixels and 
the width of the anode lines according to the features of 
a drive voltage applied to each of the light emitting RGB 
pixels. 

[0126] Considering the difference between FIG. 13 
25 and FIG. 12, the both ends of the cathode lines are 
bound in applying the scan signals to the both ends of 
the cathode lines in FIG. 1 2, and the two cathode circuits 
are provided to apply the scan signals to the both ends 
of the cathode lines thereby preventing the voltage step- 
30 up due to the current in the cathode lines in FIG. 13. 
[0127] Since specific features of FIG. 12 and FIG. 13 
can be understood through the description of FIG. 10 
and FIG. 1 1 , the specific description thereof will be omit- 
ted. 

35 [0128] Meanwhile, the driving circuits of the organic 
EL device shown in FIG. 1 0 to FIG. 13 can be adopted 
to all types of display devices which are powered with 
electricity. 

[01 29] As described hereinbefore, the full color organ- 
*o ic EL display device, the manufacturing method thereof, 
and the driving circuit of the organic EL display device 
embodying the invention have the following effects: 
[01 30] First, in manufacturing the full color organic EL 
device, in order to compensate the disadvantage of the 
4 5 red light emitting pixels with the relatively lower lumi- 
nous efficiency, the red light emitting pixels are sized 
larger than the green light emitting pixels and the blue 
light emitting pixels to enhance the luminous efficiency 
of the red light emitting pixels. Thus, the texture and the 
50 opening ratio can be enhanced to raise the efficiency of 
the device. 

[0131] Second, the single shadow mask can be used 
in depositing the RGB organic EL layers. 
[0132] Third, the auxiliary electrodes with low resist- 
55 ance are provided in certain portions of the cathode 
stripes to reduce resistance so that the uniformity across 
the screen can be enhanced and the drive voltage of the 
device can be reduced. 
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[0133] Fourth, the influence from the line resistance 
in the anode lines and the cathode lines is reduced when 
a constant current is introduced into the device struc- 
tured of the RGB array in order to realize the white light 
as full color. Thus, the voltage loss on the line resistance 
is prevented and the area ratio of the device is adjusted 
to make each of the RGB pixels for generating the white 
light have the similar value of drive voltage thereby min- 
imizing power loss. 

[0134] Throughout the foregoing description, those 
skilled in the art will appreciate that various modifica- 
tions, additions and substitutions are possible, without 
departing from the scope of the invention. Therefore, the 
technical scope of the invention is not restricted to the 
description of the foregoing embodiments but will be de- 
fined by those disclosed in the accompanying claims. 



Claims 

1 . A full color organic EL display panel comprising: 

first, second and third pixels; 

a plurality of first electrodes; and 

a plurality of second electrodes perpendicularly 

intersecting said first electrodes; 

wherein each of said first, second and third 
light emitting pixels is arranged in each of intersect- 
ing positions of said first and second electrodes; 

wherein each of said first, second and third 
light emitting pixels has the area different from one 
another according to luminous efficiency. 

2. A full color organic EL display panel according to 
claim 1 , wherein each of said first light emitting pix- 
els is arranged colinearly with each of said second 
light emitting pixels; wherein each of said third light 
emitting pixels is arranged between each of said 
first and second light emitting pixels to alternate with 
each of said first and second light emitting pixels. 

3. A full color organic EL display panel according to 
claim 1, further comprising auxiliary electrodes ar- 
ranged at least around said first, second and third 
light emitting pixels and in portions of said first elec- 
trodes. 

4. A full color organic EL display panel according to 
claim 1 , further comprising insulating layers, where- 
in each of said auxiliary electrodes is arranged at 
least one of around each of said first, second and 
third light emitting pixels and a central portion of 
each of said third light emitting pixel. 

5. A full color organic EL display panel according to 
claim 1, further comprising partitions arranged 
among said second electrodes for electrically insu- 



lating said second electrodes. 

6. A full color organic EL display panel according to 
claim 1 , further comprising: encapsulating plates for 

5 encapsulating organic EL layers arranged on said 
first, second and third light emitting pixels; and an 
encapsulating material for bonding said encapsu- 
lating plates to a substrate in non-light emitting ar- 
eas. 

10 

7. A full color organic EL display panel according to 
claim 1 , wherein said first electrodes have zigzag- 
shaped electrodes having partitions inclined at a 
certain angle for connecting between each of said 

*5 first light emitting pixels and each of said second 
light emitting pixels, and stripe shaped electrodes 
for connecting between each of said third light emit- 
ting pixel. 

20 8. A full color organic EL display panel according to 
claim 7, wherein said partitions are arranged so as 
not to overlap with corner portions of said third light 
emitting pixels. 

25 9. a full color organic EL display panel according to 
claim 1 , wherein said third light emitting pixels have 
the area larger than that of said first or second light 
emitting pixels. 

30 10. A full color organic EL display panel according to 
claim 1 , wherein said first, second and third light 
emitting pixels have quadrangular structures which 
are the same or different from one another. 

35 11. a full color organic EL display panel according to 
claim 1 , wherein said first, second and third light 
emitting pixels are arranged into a delta structure. 

12; A full color organic EL display panel according to 
40 claim 1 , wherein said first electrodes are transpar- 
ent; and wherein said second electrodes are made 
of metal. 

13. A method of manufacturing a full color organic EL 
45 display panel which Includes first, second and third 
pixels, a plurality of first electrodes, and a plurality 
of second electrodes perpendicularly intersecting 
the first electrodes, in which each of the first, second 
and third light emitting pixels is arranged in each of 
so intersecting positions of the first and second elec- 
trodes, said method comprising the following steps 
of: 

(a) forming the first electrodes on a substrate, 
55 wherein the first electrodes include stripe- 

shaped electrodes for connecting between 
each of the third light emitting pixels, and zig- 
zag-shaped electrodes having partitions in- 
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dined at a certain angle for connecting between 
each of the first light emitting pixels and each 
of the second light emitting pixels; 

(b) forming insulation partitions in areas ex- 
cepting the light emitting pixels perpendicular 
to the first electrodes to insulate the first, sec- 
ond and third light emitting pixels; 

(c) forming organic EL layers on the first, sec- 
ond and third light emitting pixels for emitting 
lights corresponding to the light emitting pixels 
respectively; and 

(d) depositing an electrode material on the 
whole surface including the organic EL layers 
to form a plurality of second electrodes. 

14. A method of manufacturing a full color organic EL 
display panel according to claim 13, further com- 
prising the step of forming auxiliary electrodes at 
least around the light emitting pixels and in portions 
of the first electrodes. 

15. A method of manufacturing a full color organic EL 
display panel according to claim 13, wherein said 
step (a) includes the step of forming insulation lay- 
ers at least around the first, second and third light 
emitting pixels and in central portions of the third 
light emitting pixels. 



16 



A method of manufacturing a full color organic EL 
display panel according to claim 13, wherein said 
step (c) uses a shadow mask in forming the EL or- 
ganic layers on the first, second and third light emit- 
ting pixels while moving the shadow mask, 
wherein each of the EL organic layers emit a light 
corresponding to each of the first, second and third 
light emitting pixels. 



17. A full color organic EL display panel comprising: 

a unit light emitting pixel having first, second 
and third pixels; 

a plurality of first electrodes; and 

a plurality of second electrodes perpendicularly 

intersecting said first electrodes; 

wherein each of said first, second and third 
light emitting pixels is arranged in each of intersect- 
ing positions of said first and second electrodes; 

wherein said unit light emitting pixel has sub- 
pixels divided along diagonal directions; and 

wherein each of said first, second and third 
light emitting pixels is arranged in each of said sub- 
pixels with an area different from one another ac- 
cording to the luminous efficiency of each of said 
first, second and third light emitting pixels. 

18. A full color organic EL display panel according to 
claim 1 7, wherein said first light emitting pixel is po- 



sitioned in a pair of said sub-pixels opposed along 
one diagonal direction; and wherein each of said 
second and third light emitting pixels is positioned 
in another pair of said sub-pixels opposed along an- 
5 other diagonal direction. 

19. A full color organic EL display panel according to 
claim 1 8, wherein said first light emitting pixel has 
the luminous efficiency lower than that of said sec- 
1 <> ond and third light emitting pixels. 



20. 
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A full color organic EL display panel according to 
claim 1 7, wherein each of said first electrodes is 
formed under each of said first, second and third 
light emitting pixels and each of connected portions 
of said first, second and third light emitting pixels. 



21. A full color organic EL display panel according to 
claim 20 s further comprising auxiliary electrodes 

20 formed on the first electrodes at the connected por- 
tions. 

22. A full color organic EL display panel according to 
claim 21 , further comprising auxiliary electrodes 

25 formed in edge portions of said first, second and 
third light emitting pixels. 



23. A full color organic EL display panel according to 
claim 17, further comprising insulation layers 
formed in non-light emitting areas around said first, 
second and third light emitting pixels. 
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24. A full color organic EL display panel according to 
claim 17, further comprising insulation partitions 
formed among said second electrodes for electri- 
cally insulating said second electrodes. 

25. A full color organic EL display panel according to 
claim 17, further comprising: encapsulating plates 
for encapsulating organic EL layers arranged on 
said first, second and third light emitting pixels; and 
an encapsulating material for bonding said encap- 
sulating plates to a substrate in non-light emitting 
areas. 

26. A full color organic EL display panel according to 
claim 1 7, wherein said first electrodes are transpar- 
ent lower electrodes; and wherein said second elec- 
trodes are upper electrodes made of metal. 

27. A method of manufacturing a full color organic EL 
display panel which includes unit light emitting pix- 
els having first, second and third pixels, a plurality 
of first electrodes, and a plurality of second elec- 
trodes perpendicularly intersecting the first elec- 
trodes, in which each of the first, second and third 
light emitting pixels is arranged in each of intersect- 
ing positions of thefirst and second electrodes, said 
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method comprising the following steps of: 

(a) forming first electrodes on a substrate in a 
repeated pattern having a certain polygonal 
shape connected to stripe shape; 5 

(b) forming insulation partitions among the unit 
light emitting pixels adjacent to the first elec- 
trodes in the perpendicular direction; 

(c) forming organic EL layers on the first, sec- 
ond and third light emitting pixels for emitting 10 
lights corresponding to the first, second and 
third light emitting pixels respectively; and 

(d) depositing an electrode material on the 
whole surface including the organic EL layers 

to form a plurality of second electrodes. is 

28. A method of manufacturing a full color organic EL 
display panel according to claim 27, wherein said 
step (a) includes the step of forming auxiliary elec- 
trodes in the first electrodes formed in the connect- 20 
ing portions of the first, second and third light emit- 
ting pixels and formed in edge portions of the first, 
second and third light emitting pixels, wherein the 
auxiliary electrodes have resistance lower than that 

of the first electrodes. 25 

29. A method of manufacturing a full color organic EL 
display panel according to claim 27, wherein said 
step (a) includes the step of forming insulation lay- 
ers in non-light emitting areas around the first, sec- 30 
ond and third light emitting pixels. 

30. A driving circuit of a display device having anode 
and cathode lines, comprising: 

35 

an anode circuit for outputting a different drive 
voltage for each of RGB light emitting pixels so 
as to correspond to the drive voltage varying 
according to the line resistance and the mate- 
rial features of the anode lines and the cathode 40 
lines; 

a cathode circuit connected to both ends of the 
cathode lines for outputting the same signals; 
and 

a display unit where the area ratio of each of 45 
the RGB light emitting pixels and the width of 
the anode lines are adjusted according to the 
features of the applied drive voltage. 

31. A driving circuit of a display device according to so 
claim 30, wherein said cathode circuit is arranged 

at the both sides of the cathode lines for applying 
the same signals to the display unit. 

32. A driving circuit of a display device according to 55 
claim 30, wherein the area ratio of each of the RGB 
light emitting pixels is 3:6:1 . 
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FIG. 13 
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